Abstract-The study of the cell wall structure was performed for ten species of Euastrum: E. ansatum (Ehrenb.) Ralfs, E. bidentatum Näg., E. binale (Turp.) Ehrenb. ex Ralfs, E. dubium Näg., E. elegans (Bréb.) Kütz. ex Ralfs, E. germanicum (Schmidle) W. Krieger, E. oblongum (Grev.) Ralfs ex Ralfs, E. pectinatum Bréb. ex Bréb. in Ralfs, E. validum West et G.S.West, E. verrucosum (Ehrenb.) ex Ralfs. The investigation of the cell wall ultrastructure has established for the first time that the pore canal in 6 of 10 species always has a coiled form to some degree. Three species (E. germanicum, E. pectinatum, and E. verrucosum) have both coiled and straight canals, and E. ansatum has only straight ones. A new type of pores (P 7 ), typical only for representatives of the genus Euastrum, was also noted. In addition, a simple and effective method of preparing desmidium algal cells for investigation with transmission electron microscope has been developed.
INTRODUCTION
Placoderm desmidium algae are a group of unicellular representatives of the Conjugatophyceae class that are characterized by a symmetrical cell form and specific ornamentation of the cell wall. A peculiarity of these algae is the presence of pores that permeate the cell wall. Many researchers have studied the formation and structure of the cell wall since the late 19th century, but the appearance of scanning electron microscopy (SEM) and transmission electron microscopy (TEM) in the 20th century made it possible to study in detail the ultrastructure of cell walls. Electron microscopic studies of the cell wall of desmidium algae have shown that it is formed by three layers [1, 2] . The outer layer of the wall forms a slimy cover due to the presence of pectic substances in it. Two internal layers are formed by cellulose fibrils [3] . In the family of Desmidiaceae in the process of division, the primary cellulose cell wall is removed immediately after the formation of a secondary cell wall pierced with pore channels [4] . To date, a large data set has been accumulated concerning the structure and morphogenesis of the cell wall and pore apparatus in the Desmidiaceae family, but studies have been carried out on only several representatives of genera: unicellular organisms (Micrasterias [1, 5] , Cosmarium [6, 7] , Pleurotaenium [3] , Oocardium [8] , Staurastrum [9] ) and filamentous colonial (Bambusina, Desmidium, Hyalotheca, Spondylosium, Sphaerozosma [10] ).
A detailed study of the pore apparatus of desmidium algae using SEM allowed us to describe six types of pores: Р 1 (two-level pore system "central mucilage pore"), Р 2 (pore opening opens in a circular pore field), Р 3 (similar to Р 2 , but the pore field is deeper and narrower), Р 4 (pore opening opens at the level of the cell wall without special invaginations), Р 5 (pores with warts, which open in their base or on top), Р 6 (pore opening is surrounded by a roller from the cell wall [11] ). Using 23 species from eight genera as an example, the authors showed that the greatest variety of pore apparatus is found in the Euastrum (Р 1 -Р 5 ) and Cosmarium (Р 2 -Р 4 ) genera. In the genera Staurastrum, Micrasterias, Tetmemorus, Pleurotaenium, and Xanthidium, the Р 4 pores are predominant, and the Р 6 pores are found only in the genus Desmidium. None of the publications described how the pore canal permeates the secondary cell wall of desmidium algae. From the abundant illustrative material available in publications, it can be concluded that all taxa have a straight cylindrical canal, and a convoluted canal can be observed only in the Staurastrum luetkemuelleri Donat at Ruttner [9] . Thus, as far as the shape of the pore can vary in different taxa of desmidium algae, it remains unclear.
MYCOLOGY AND ALGOLOGY

MATERIALS AND METHODS
The material for the study was the cultures of ten Euastrum species isolated from the swamps of Moscow oblast-E. [12] at the following conditions: photoperiod (light/darkness, h) 14/10, artificial lighting with LED lamps (cool white) 5400 Lx, temperature +12°C. After 2 months, the cultivation of algae was fixed and prepared for the study using TEM (JEOL JEM-100B and JEOL JEM-1011, Japan).
The fixation was performed with 2.5% formaldehyde for 1 h at room temperature, and the WH nutrient medium (pH 7.0) was used as the buffer. Postfixation was carried out with a 3% solution of potassium permanganate (1 h). The material was dewatered in an increasing concentration of ethyl alcohol (30, 50, 70, 90, 96%) for 10 min followed by transfer to 100% acetone. The material was kept for 24 h in a mixture of EPON pitch and acetone resin (1 : 1) then transferred to a resin with a catalyst and held for 24 h at 37°C and 48 h at 60°C. A series of 80-120 nm thick sections were obtained on Ultratom-3 ultramicrotome (LKB, Sweden), placed on copper blends, and contrasted with lead citrate for 8 min. (according to Reynolds). This method of material preparation allows you to keep the cell wall well and to minimize the damage of content of the cell itself.
RESULTS AND DISCUSSION
As a result of the study, it was shown that the shape of the pore canal in 6 of 10 studied species always has a more or less tortuous form. Direct and tortuous forms are met in two taxa, and one has only direct channels ( Table 1 ). The most common pore channel P4 in different species is always twisted and has a uniform thickness all along (Figs. 1a, 1b) . The pore channel P5 is always associated with warts (Figs. 1b, 1d) and is located at their base or on the apex and also percolates. All species with warts have such pores.
Our previous study [13] showed that the Euastrum genus is characterized by specific pits (areoles, S1-S4) on the surface of the cell wall. The location and shape of the areoles and pores are always interconnected. Comparing our data with the classification of pores proposed earlier [11] , we came to the conclusion that the Р 2 pore type needs to be redefined. Thus, the pores of type 7 (Р 7 ) are a combination of one of the variants of the Р 2 pore described earlier and the S 2 areole: the pore channel permeates the thickening of the cell wall, which is surrounded by a rosette of several (2-4) depressions-segments (Figs. 1d, 1e) . Such a structure of the pore is found only in representatives of the genus Euastrum; therefore, it should be distinguished from Р 2 . We considered the shape of the pore canal in two species as an example: E. ansatum and E. oblongum, in which the S 2 areoles cover the whole surface except for the peaks of blades and blisters.
In E. ansatum, the pore canal Р 7 has a straight form (Fig. 1e) , whereas it is convoluted and not uniform in thickness in E. oblongum: it opens outside with a larger diameter orifice (Fig. 1d) . There is a group of Euastrum species in which areoles are absent [13] . The E. germanicum and E. verrucosum we studied have warts and Р 4 pores; in the areas where there are no warts, Р 5 pores are located. The envelope in E. pectinatum is cellular, and the Р 4 pore channels penetrate it evenly over the entire surface without interconnection with the cells. There is one pore identical in structure to Р 5 on the tops of all the swellings. Moreover, these three species have an apical pore field at the apex of the polar blade specific for the Cosmarium genus, which also indicates the need to revise their taxonomic position.
Comparison of cell sizes with cell wall thickness and diameter of the pore canal (Table 1 ) confirms the hypothesis [11, 14] according to which the thickness of the membrane and the pore diameter are larger in larger cells than in the smaller ones. Thus, in smallcell species (cell length not exceeding 40 μm), E. binale, E. dubium, E. elegans, E. validum, the thickness of the cell wall varies from 0.2 to 0.7 μm, and the pore diameter is from 0.02 to 0.09 μm. Species with large cells (more than 40 μm long), E. Ansatum, E. bidentatum, E. pectinatum, E. oblongum, E. verrucosum, have, on average, a thicker cell wall and a wide pore canal (from 0.09 μm).
Taking into account the goals set-to investigate the porous apparatus of the algae cell wall-we tried several variants of preparing samples for TEM. The classical and universal method of double fixation is a sequential fixation in 2.5% glutaraldehyde and 1-2% osmium tetroxide (using phosphate buffer pH 7.2-7.4) as well as rinsing in distilled water followed by contrasting with 2% uranyl acetate. Another, somewhat outdated, method using 2.5% formalin and a 3% aqueous solution of potassium permanganate leads to some deformation of the endomembrane structures and cell organelles.
For our work, the preservation of the internal ultrastructure of the cell is desirable; however, provided that the cell wall structure close to the lifetime one is maintained, the disadvantages of chemical fixation can be neglected. When comparing the results of several samples of sample preparation, it turned out that the outdated method, where we used the WH nutrient medium instead of the buffer, retains the cell structure well, including the membrane elements.
These are the most suitable reagents for working with algal cells (the process involves the cell-by-cell selection of the desmidium algae cells by the researcher at each stage of preparation, up to the pouring into epone resin). It should be noted that the use of less toxic and volatile reagents greatly simplifies the work and, at the same time, guarantees a qualitative result (Fig. 1) .
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